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ABSTRACT 

During  the  International  Geophysical  Year  an  artificial  earth  satel¬ 
lite  containing  a  108-Mc  transmitter  is  to  be  launched  and  placed  in  an 
orbit  around  the  earth.  Although  the  Department  of  Defense  is  building 
and  installing  a  number  of  Prime  Minitrack  stations  -  installations  to 
detect  and  plot  the  course  of  the  satellite  and  to  record  various  types 
of  scientific  data  -  a  Mark  II  Minitrack  system,  based  on  the  inter¬ 
ferometer  principle  in  like  manner  to  the  primary  system,  has  been 
developed,  and  this  will  permit  amateur  volunteer  groups  to  spot  and 
measure  the  track  of  the  in-flight  satellite.  This  latter  system,  which 
may  be  built  and  installed  by  amateur  groups  for  a  nominal  cost,  con¬ 
sists  in  its  simplest  form  of  two  Yagi  antennas  on  a  single  baseline  from 
20  to  500  feet  long,  a  tee  junction  at  the  midpoint,  a  converter  to  shift 
the  108-Mc  satellite  frequency  to  one  that  could  be  amplified  by  a  stand¬ 
ard  communications  receiver,  and  an  “S”  meter  to  be  used  as  an  indi¬ 
cator  of  satellite  transit.  In  this  simple  version  the  system  will  indi¬ 
cate  passage  of  the  satellite  but  would  provide  no  lasting  or  accurate 
record  of  scientific  value 

By  adding  Improvements  in  the  system,  a  highly  precise  installa¬ 
tion  can  be  built  that  will  yield  data  of  interest  to  Project  Vanguard 
personnel  at  the  Navad  Research  Laboratory  where  orbit  computation  of 
the  satellite  is  to  be  conducted.  Some  of  these  improvements  consist 
of  a  hybrid  junction  rather  than  a  tee  junction  in  the  transmission  line, 
a  graphical  or  magnetic  tape  recording  in  place  of  the  “S”  meter,  a 
precise  time  signal  fed  to  the  record,  a  baseline  of  1000  feet  between 
antennas,  high  quality-transmission  lines  and  amplifier  equipment, 
antenna  systems  install^  with  high  precision,  and  multiple  antenna- 
baseline  systems  to  provide  an  Increased  quantity  of  geodetic  information. 

Data  read  and  recorded  by  the  precision  Mark  n  systems  may  be 
transmitted  to  the  Vanguard  Computing  Center  in  Washington,  D.  C., 
where  it  can  serve  as  important  computational  material  to  study  the 
flight  and  characteristics  of  the  satellite  and  can  also  add  to  the  store 
of  scientific  knowledge  desired  for  the  IGY  objectives. 

This  document  presents  all  the  aspects  of  the  design,  construction, 
and  calibration  of  the  Mark  II  system  for  the  serious -minded  amateur 
desiring  to  carry  out  radio  observations  of  the  satellite. 
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MINTTRACK  REPORT  NO.  2 
The  Mark  II  Minitrack  System 


INTRODUCTION 

During  the  International  Geophysical  Year  an  artificial  earth  satellite  containing  a 
lOS'Mc  transmitter  is  to  be  launched  and  placed  in  an  orbit  around  the  earth.  The 
Department  of  Defense  is  building  and  installing  a  number  of  Prime  Minitrack  stations 
at  strategic  points  on  the  earth  to  detect  and  determine  the  coordinates  of  the  satellite 
and  to  record  various  types  of  scientific  data  which  will  be  telemetered  from  it.  These 
Minitrack  stations  are  complex  installations  containing  specialized  antenna  systems  and 
a  large  trailer  of  electronic  equipment,  requiring  the  services  of  some  ten  specially 
trained  electronics  personnel  for  proper  operations  and  service. 

Inasmuch  as  radio  and  telemetry  signals  coming  from  the  satellite  may  also  be  rec¬ 
eived  by  relatively  simple  'amateur  type*  stations,  the  Naval  Research  Laboratory  has 
devised  the  Mark  n  Minitrack  —  a  comparative!.'  inexpensive  system  which  nuiy  be  built 
and  installed  using  materials  and  supplies  within  reach  of  many  serious  amateur  groups. 
This  system,  based  on  the  interferometer  principle  in  like  manner  to  the  Prime  Minitrack 
system,  may  actually  be  built  in  quite  simplified  form  to  indicate  merely  the  passage  of 
the  satellite  or  it  may  be  built  in  somewhat  more  complex  form  to  record  and  measure 
the  flight  of  the  satellite. 

The  Mark  II  Minitrack  Satellite  Observation  Program  represents  a  joint  NRL-ARRL 
Program  designed  to  aid  Interested  volunteer  groups  wishing  to  track  the  earth  satellite. 

It  is  felt  that  two  types  of  groups  will  be  interested.  The  first  type  will  want  to  observe 
satellite  transits  only  out  of  curiosity.  For  this  group  a  very  simple  system  is  described. 
The  second  group  will  wish  to  track  the  satellite  and  record  useful  data.  It  is  for  this 
group  tlat  this  document  is  primarily  intended. 

A  question  often  asked  is  'Why,  if  optical  observations  can  be  made  more  accurately 
than  radio  measurements  at  this  (108  Me)  frequency,  are  radio  observations  needed?” 

The  answer  is  that  optical  observations  will  be  rare  and  dependent  on  the  time,  the  weather, 
and  the  range  tc-  the  satellite,  whereas  radio  observations  can  be  made  each  time  the  satel¬ 
lite  passes  the  station. 

The  exact  position  of  the  satellite  will  depend  on  the  influence  of  gravity  among  other 
things.  Since  the  gravitational  field  varies  broause  of  anomalies  in  the  shape  and  mass  of 
the  earth,  the  .satellite  will  not  describe  a  perfectly  smooth  path  in  space;  rather,  it's  path 
could  be  described  as  'noisy.*  Under  these  conditions  a  great  many  moderately  accurate 
observations  may  give  significantly  more  orbital  data  than  a  very  few  highly  precise 
observations. 

The  precision  needed  at  any  one  station  really  depends  upon  the  proximity  of  this 
station  to  other  stations.  Since  there  are  three  Prime  Minitrack  stations  in  the  United 
States,  it  is  felt  that  Mark  n  stations  here  should  have  the  same  order  of  accuracy  (20 
seconds  of  arc).  The  added  stations  can  further  increase  the  amount  of  useful  data 
obtained  by  having  their  baselines  oriented  at  a  considerable  angle  to  the  East -West  line, 
since  the  Prime  Minitrack  system  gives  its  best  data  on  meridian  crossing. 
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Other  stations,  far  removed  from  the  Prime  Iflnitrack  system,  can  have  poorer 
accuracy  and  still  contribute  significant  data  to  the  program.  It  is  difficult  to  assess  the 
required  accuracy,  but  certainly  stations  having  an  accuracy  of  1  minute  of  arc  will  obtain 
us^ul  (hLU  when  Isolated  from  more  accurate  stations  by  1000  miles  or  so. 


THE  SATELLITE  TRANSMITTER 

Four  groups  of  satellites  are  planned,  each  group  being  designed  for  special  experi¬ 
ments  and  therefore  requiring  Its  own  specialised  transmitting  equipment.  The  Group  I 
satellite,  measuring  solar  Lyman-alpha  radiation  and  environmental  parameters,  will 
transmit  telemetry  signals  continuously  through  an  80-mllliwatt  unit  (Fig.  1).  The  infor¬ 
mation  will  appear  as  bursts  of  audio  modulation  on  the  carrier  frequency,  and  modulation 
will  be  confined  within  a  band  from  2.6  to  15  Kc. 


Fig.  I  -  Modulated  SO-milliwatt  Minitrack  transmitter 


The  Group  n  satellite,  measuring  meteor  erosion  of  the  skin  and  cosmic  ray  Intensity, 
will  have  both  continuous  telemetering  and  command  telemetering  at  a  power  level  of  about 
50  milliwatts. 

The  Group  m  satellite,  measuring  the  geomagnetic  field,  will  have  two  transmitters: 
a  cw  tracking  transmitter  operating  at  108  Me  and  a  command  turn-on  transmitter  oper¬ 
ating  at  108.03  Me. 

The  Group  IV  satellite  will  perform  one  of  two  currently  proposed  experiments.  In 
one  case  this  satellite  will  be  similar  to  Group  n,  and  In  the  other  case  It  will  have  a  com¬ 
mand  transmitter,  capable  of  emitting  about  1  watt.  In  addition  to  the  tracking  transmitter. 


NAVAL  tfSEAlCH  LAIOIATORY 


3 


The  tracking  transmitters  for  Groups  I  and  II  will  be  crystal -controlled  at  108  lie 
within  about  2  Kc.  The  Group  m  satellite  will  be  crystal -controlled  but  the  crystal  will  be 
cut  to  have  a  definite  frequency -temperature  characteristic.  The  frequency  can  vary  in 
the  range  108  lie  tS  Kc,  but  should  vary  only  slowly.  A  typical  frequency -temperature 
curve  is  shown  in  Fig.  2. 


tcmpeiiatow  cci 

Fig.  I  -  Frequency -temperature  characteriatic  of  tracking 
transmitter  for  Group  III  aatellite 

Since  the  satellite  transmitters  may  operate  in  the  ranges  108  Me  tS  Kc  and  108.03 
Me  *5  Kc,  the  Mark  n  Minltrack  system  should  have  the  capability  of  tuning  to  receive 
signals  over  a  band  from  107.995  Ifc  to  108.035  Me. 

The  satellite  antenna  system  consists  of  four  radiators  spaced  equally  around  a  great 
circle  on  a  sphere  to  produce  circular  polarization  in  the  plane  of  the  radiators.  When  the 
satellite  is  launched  the  direction  of  polarization  will  be  normal  to  the  direction  of  travel. 
When  the  satellite  has  travelled  90  degrees  around  the  earth,  if  disturbing  torques  are 
negligible,  the  radiators  will  be  parallel  to  the  earth's  surface  and  station  below  would 
receive  a  circularly  polarized  signal. 

In  areas  where  the  polarization  of  the  signal  from  the  satellite  is  linear,  a  linearly 
polarized  ground  antenna  will  receive  a  signal  that  will  vary  as  a  function  of  the  degree  of 
polarization.  As  the  satellite  passes  through  the  antenna  pattern,  the  received  sigr.  d 
strength  will  vary  approximately  sinusoidally  because  the  Faraday  rotation  is  dependent 
on  the  angle  between  the  radio  path  and  the  ionosphere.  The  frequency  of  the  variation 
can  be  used  to  measure  the  total  ionization  content  in  the  radio  path,  and  this  infornution 
can  be  used  to  correct  the  measured  satellite  position  for  ionospheric  refraction. 


THE  MDOTRACK  SYSTEMS 

Two  tracking  systems,  known  as  "Minitrack,*  have  been  designed  for  this  project. 
The  more  complicated  "Prime  Minitrack*  will  be  used  at  a  number  of  stations  in  the 
Western  Hemisphere  and  Australia  to  obtain  basic  orbital  data.  This  system  is  nonam- 
biguous  and  will  provide  satellite  ephemerides  so  that  after  the  first  few  satellite  orbits 
the  future  path  of  the  satellite  over  the  earth’s  surface  can  be  predicted. 
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Since  the  Prime  Mlnltrack  system  requires  s  large  Installation,  a  simpler  tracking 
system  called  the  'Mark  n  llinltrack*  has  been  derised.  While  this  system  in  its  simplest 
form  will  give  ambiguous  data,  the  ambiguities  can  be  resolved  at  the  Vanguard  Computing 
Center  in  Washington,  D.  C.,  by  the  use  of  data  from  the  Prime  Mlnltrack  stations.  Thus 
it  will  be  possible  to  determine  the  position  of  the  satellite  over  any  ground  point  as  accu¬ 
rately  with  the  Mark  n  system  as  with  the  Prime  Mlnltrack  system. 

The  Mark  n  system,  like  the  Prime  system,  is  based  on  the  interferometer  principle. 
This  principle  Is  well  known  to  radio  astronomers  and  to  students  of  optics  but  nuy  not  be 
familiar  to  all  radio  amateurs,  so  it  will  be  described  in  some  detail. 


The  interferometer  principle  as  applied  to  the  Mark  n  Mlnltrack  system  is  illustrated 
in  Fig.  3.  Here  two  antenna  arrays  are  separated  by  many  wavelengths  and  are  connected 
together  by  transmission  lines.  The  mid-point  of  the  transmission  lines  is  connected  to  a 
hybrid  tee  and  to  a  receiver  (or  receivers)  which  actuates  a  meter  or  recorder. 

The  geometry  of  the  situation  is  shown  in  Fig.  4.  It  is  assumed  that  the  satellite  S  is 
a  distance  which  is  great  compared  to  the  separation  between  antennas.  If  we  make  the 
distance  SP  -  SA.  then  A^P  will  be  approxinutely  perpendicular  to  SA,  since  the  angle 
AjSP  is  SBull.  The  phase  difference  that  will  be  read  will  be  proportional  to  the  distance 
PA^and  coa  a  will  equal  PA^A^A^. 


Fig.  3  -  Radio  interferometer  principle  aa  Fig.  4  -  Geometry  of  Minitrack  phaae- 

applied  to  Mark  II  Minitrack  ayatem  measurement  angle  tracking  ayatem 


Now  assume  that  the  distance  PA^  is  an  integral  number  of  wavelengths.  Then  the 
voltages  from  the  two  antennas,  arriving  at  the  hybrid  in  Fig.  3.,  will  be  in  phase  and  the 
meter  will  record  a  maximum  output.  If  the  distance  PA,  is  an  odd  number  of  half¬ 
wavelengths  the  voltages  from  the  two  antennas  will  be  out  of  phase  and  will  cancel  at  the 
hybrid  in  which  case  the  output  will  be  at  a  minimum. 

As  the  satellite  travels  across  the  antenna  pattern  the  distance  PA  will  vary  so  that 
the  receiver  output  will  vary  from  a  maximum  to  a  minimum  nearly  sinusoidally.  The 
number  of  maxima  and  minima  which  occur  during  a  transit  can  be  increased  by  increas¬ 
ing  the  baseline  distance  A^A,  .  For  a  100 -wavelength  baseline  a  minimum  will  occur  for 
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approximately  each  angular  half-degree  travelled.  For  Example,  if  the  satellite  is  at  an 
altitude  200  miles  and  is  travelling  at  25,000  feet  per  second,  null  will  occur  about  three 
times  per  second. 

The  antenna  and  receiver  system  needed  will  depend  on  the  signal  streng:.h  received 
from  the  satellite,  on  the  received  signal -to -noise  ratio  required  for  the  system,  and  on 
the  noise  in  the  system. 

Assuming  a  transmitted  power  of  10  milliwatts,  a  transmitter  antenna  gain  of  0.5 
(referred  to  isotropic),  a  receiving  antenna  gain  of  unity,  a  wavelength  of  nine  feet,  and 
range  of  1000  miles  (5  x  10*  feet),  we  can  compute  a  tneoretical  signal  strength  from  the 
following  well-known  formula: 

P 

'  (4  rr  R)I 

=  (0-01)  (i)  (O.S)  (81)  , 

16tr2  (25)  10*2 

The  noise  pufcr  in  a  perfect  receiver  at  300*K  is  about  4  x  10 watts/cycle  or  204 
dbW/cycle.  A  noise  figure  of  4  db  and  a  pre-detection  bandwidth  ul  10  Kc  gives  the  noise 
as  100  dbW  or  10*“  watts.  The  temperature  of  the  sky  at  100  Me  is  perhaps  500*  K,  and 
for  about  2  hours  in  24  it  may  reach  5000*K.  This  increases  the  noise  (for  the  500*K 
case)  to  about  2  x  10*“  watts.  For  the  5000*  K  case  the  noise  will  be  2  x  10*“  watts. 

Since  a  pre-detection  S/N  of  at  least  10  db  is  desirable,  either  the  bandwidth  must  be 
reduced,  the  receiving  antenna  gain  increased,  the  transmitted  power  increased,  or  the 
distance  reduced.  The  pre-detection  bandwidth  can  be  reduced  to  perhaps  5  Kc  initially 
and  reduced  further  when  the  exact  frequency  is  known. 

The  transmitted  power  and  the  range  may  be  considered  as  fixed,  leaving  only  the 
receiving  antenna  gain  as  a  variable.  The  Prime  Minitrack  antenna  can  provide  a  gain  of 
about  SO,  or  17  db.  These  changes  give  a  theoretical  received  power  of  5  x  10  *“  watts 
or  0.5  .  With  a  S-Kc  pre-detection  bandwidth  and  a  500*K  background  temperature,  a 

pre-detection  S/N  of  13  db  is  obtained.  For  the  5000* K  temperature  case  the  pre-detection 
S/N  will  be  2.5:1,  O'  4  db. 


THE  MARK  H  SYSTEM 

This  section  describes  the  various  forms  of  the  Mark  U  Minitrack  system  that  can  be 
built.  One  must  select  that  unit  which  fits  his  finances  and  produces  his  desired  results. 
The  components  required  for  construction  of  these  systems  —  antennas,  rf  transmission 
lines,  hybrid  junctions,  receivers,  and  preamplifiers,  phase  detectors,  recorders,  and 
timing  units  —  will  be  described  in  greater  detail  in  later  sections. 

The  Mark  II  Minitrack  system  in  its  simplest  form  is  shown  in  Fig.  5.  It  utilizes  only 
two  Tagl  antennas  on  a  single  baseline  from  20  to  500  feet  long  feeding  a  tee  junction  cen¬ 
trally  located  on  the  baseiine.  The  output  from  this  junction  feeds  a  converter  to  shift  the 
108.0-Mc  satellite  frequency  to  a  frequency  that  could  be  amplified  by  a  standard  comuni - 
cations  receiver.  The  "S*  meter  on  the  receiver  would  probably  suffice  for  an  indication 
of  satellite  transit. 

Such  a  system  provides  a  meter  indication  of  the  presence  and  passage  of  the  satellite, 
but  because  no  accurate  recorded  correlation  of  the  data  is  obtained  with  respect  to  time, 
these  data  are  of  little  scientific  value  except  in  the  improbable  event  thrit  the  satellite  had 
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been  established  in  an  orbit  that  vas  very  different 
than  planned  and  none  of  the  other  tracking  stations 
had  yet  acquired  it.  To  those  who  wish  only  to  ob¬ 
serve  passage,  this  simple  meter  indication  would 
be  adequate. 


To  improve  this  system,  a  number  of  modifi¬ 
cations  can  be  made.  (1)  The  Tee  Junction  can  be 
replaced  by  a  hybrid  Junction  feeding  two  converter- 
receiver  units,  thereby  doubling  the  amount  of  data 
obtained.  (2)  The  out|^  indication  of  phase  data 
can  be  changed  from  a  simple  meter  to  a  graphical 
or  magnetic  tape  recording.  (3)  A  source  of  time 
precise  to  10  milliseconds  or  better  can  be  included 
in  the  system  to  be  recorded  simultaneously  with 
the  phase  data.  (4)  A  longer  baseline  (from  500  to 
1000  feet)  can  be  used  to  provide  a  greater  system 
angular  resolution.  (5)  Special  care  can  be  taken 
in  the  quality  of  the  rf  transmission  lines  used,  in 
the  placement  of  thece  lines  to  afford  temperature  equalization,  and  in  making  their  lengths 
identical.  (6)  A  low-noise  preamplifier  can  be  included  in  the  converter  unit  to  increase  the 
system  sensitivity.  (7)  The  antennas  can  be  located  precisely  and  assembled  carefully  to 
provide  a  baseline  with  an  accurately  knowm  mid-point.  (8)  Additional  baselines,  requiring 
additional  electronics  and  recording,  can  be  added.  While  East -West  baselines  can  give 
valuable  data,  other  baselines  at,  say  60  degrees  to  the  East -West  line  can  give  information 
even  more  valuable.  The  most  accurate  Prime  Minitrack  data  are  taken  on  the  East -West 
baseline  transit.  For  geodetic  reasons,  measurements  on  other  baselines  are  very  desirable. 

A  system  embodying  all  of  these  modifications  is  shown  in  block  diagram  form  in  Fig.  6. 
This  system,  utilizing  1000-foot  baselines,  provides  a  time  indication  of  satellite  position 
about  every  1/4  degree  In  the  East -West  direction.  The  output  data  consist  of  (1)  two 
detected  output  voltages  which  carry  the  angular  position  data,  (2)  two  age  voltages,  and 
(3)  recorded  time.  If  the  antenna  field  for  this  system  is  established  with  sufficient  pre- 
ciMion,  these  data  may  be  considered  for  use  as  an  input  to  the  Vanguard  orbital  computer 
to  aid  in  determining  the  orbit. 

This  system  is  the  most  complete  that  is  suggested  for  construction  by  anuteur  or 
university  groups.  There  is,  however,  a  similar  but  somewhat  more  complicated  version 
of  the  Mark  n  system  that  has  been  constructed  and  tested  by  the  Naval  Research  Laboratory 
for  use  by  the  I>epartment  of  the  Army.  This  system  utilizes  the  standard  Mark  11  hybrid 
Junction  conversion  from  phase  angle  to  amplitude,  but  utilizes  a  dual-channel  receiver  writh 
comnnon  local  oscillators  f.*edlng  a  phase -sensitive  detector  to  improve  the  system  signal- 
to -noise  ratio.  This  system  will  be  described  in  detail  in  a  forthcoming  Naval  Research 
Laboratory  report. 
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Fig.  5  -  Simplett  form  of  Mark  II 
Mimtrack  lyatem 


The  Baseline 

The  baseline  is  required  to  separate  the  antennas  so  that  rapid  changes  in  output  phase 
will  be  obtained  as  the  satellite  passes  the  station.  The  longer  the  baseline  the  faster  this 
phase  will  change  and,  all  other  things  being  equal,  the  more  accurate  the  measurement 
that  can  be  made.  As  the  baseline  becomes  long,  however,  the  readings  become  more 
ambiguous  and  the  transmission  line  loss  becomes  important. 

For  the  standard  Mark  II  Minitrack  system  it  is  desirable  to  have  a  baseline  of  the 
order  of  500  to  1000  feet  long.  Baselines  shorter  than  this  can  be  used,  but  with  reduced 
accuracy.  Baselines  longer  than  1000  feet  may  be  used  with  low-loss  transmission  line. 
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The  most  satisfactory  system  uses  both  lonf  and  short  baselines.  The  numerous 
interference  lobes  obtained  with  the  lonf  baselines  are  used  to  five  accuracy  and  the  fewer 
lobM  obtained  with  the  short  taasellnee  arc  used  to  identify  the  central  lobe  of  the  fine  pat¬ 
tern.  If  no  short  baseline  is  used,  the  central  lobe  must  be  identified  either  by  counting  tiie 
total  number  of  lobes  or  by  using  information  (such  as  will  be  available  from  the  ephemer- 
ides  issued  by  the  Vangua^  Computing  Center)  concerning  the  position  of  the  satellite  at 
the  time  given.  If  the  center  lobe  is  to  be  found  by  counting  the  lobes,  the  antenna  band¬ 
width  should  be  made  narrower  the  longer  the  baseline,  so  that  the  number  of  lobes  will  be 
constant.  Ten  lobes  in  an  antenna  pattern  are  about  the  maximum  that  can  be  counted  and 
even  with  this  number  the  possibility  exists  that  the  wrong  lobe  will  be  selected  as  the  cen¬ 
tral  lobe. 

For  the  f'Klined  equatorial  orbit  of  the  Vanguard  satellite,  an  last -West  baseline 
ordinarily  ..  .i  give  the  most  rapid  phase  changes.  Additional  baselines  should  be  placed 
to  have  an  last-West  component;  for  example  they  could  be  placed  NK-SW  or  NW-SE. 

The  additional  baselines  (Fig.  7)  would  give  additional  information  and  would  require  only 
additional  antennas,  transmission  lines,  and  hybrid  Junctions.  The  same  receivers  could 
be  used  for  the  different  baselines  by  switching  receiver  inputs.  Excepl  for  the  case  of  a 
near -zenith  pass,  there  will  be  enough  time  to  switch  between  baselines  so  that  all  of  the 
information  can  obtained  from  one  receiver  system. 

The  components  required  for  a  Mark  II  Minitrack  interferometer  baseline  are  the 
antennas,  the  transmission  line,  and  the  hybrid  Junction.  Since  the  main  cost  of  a  satellite 
tracking  system  may  be  in  these  components  and  since  the  better  stations  will  have  at  least 
two  baselines,  much  work  has  gone  into  the  making  of  components  with  the  desired  quality  , 
yet  which  are  reasonably  inexpensive. 
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Fig.  7  •  Mark  II  Minitrack  antenna  field 


The  Antennas 

The  noost  expensive  single  component  is  the  antenna.  It  must  meet  nuny  requirementL; 
it  must  be  unaffected  by  wind  and  weather  and  must  provide  high  gain  and  yet  have  a  broad 
beam  in  one  direction  so  that  a  large  number  of  satellite  transits  can  be  recorded. 

To  provide  a  gain  of  about  SO,  an  eight-elemert  array  has  been  designed  (Fig.  6).  It 
can  be  extended  to  any  larger  number  of  dipoles,  as  desired.  Extending  the  length  of  the 
antennas  reduces  the  beamwidth  only  in  the  direction  of  the  extension,  so  the  gain  can  be 
increased  as  desired  without  changing  the  width  of  the  broad  antenna  beam. 

Another  antenna  requirement  is  that  the  gain  of  the  sidelobes  and  backlobes  be  so  low 
that  direct  and  reflected  signals  will  not  interfere  appreciably.  This  requirement,  the  most 
limiting  frun  an  antenna  design  point  of  view,  can  be  analyzed  approximately  in  the  follow¬ 
ing  manner.  First,  the  system  error  that  can  be  tolerated  must  1m  determined.  A  100- 
wavelength  baseline  contains  36,000  electrical  degrees.  The  measurement  error  resulting 
from  a  phase  error  in  the  antemut  system  is  given  by  the  following  equation: 

■nterina  phase  error 

sin  (error  angle)  =  - 

baseline  in  electrical  degrees 


The  desired  system  accuracy  of  20  seconds  of  arc  is  approximately  eq^ial  to  0.0001  radian, 
so  the  tolerable  antenna  phase  error  is  3.6degrees.  If  this  is  considered  to  be  an  RMS  error, 
i.e.,  half  of  the  time  less  than  3.6  degrees  and  half  of  the  time  more  than  3.6  degrees,  the 
maximum  phase  error  will  be  3.6°  x  "''2,  or  5.6  degrees.  In  each  antenna  the  error  can  be 
as  great  as 


5.6  deg 

ri 


4  deg. 
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Fig  9  -  Diagram  shoi^ing  relationship  of 
error  vector  to  error  in  phase  angle 


The  geometry  of  the  problem  is  shown  in  Fig.  9.  The  error  vector  can  have  any  phase 
with  respect  to  the  signal  vector,  so  that  angle  B  can  have  any  value  less  than  the  maximum 
angle  shown. 


B  *  arc  sin 


error  vector 


signal  vector 


For  small  angles, 


error  voltage 
signal  voltage 


For  B  4®, 


-  - -  r  0.07  voltage  ratio 

57.3  signal 

The  power  ratio  is  1.005  or  23  db. 

Since  one  Important  part  of  the  error  signal  is  the  signal  reflected  from  the  ground, 
the  reflection  coefficient  of  the  ground  is  important.  This  coefficient  may  be  as  low  as 
0.35  for  dry  soil,  about  0.5  for  ordinary  soil,  and  0.96  for  salt  water.  If  the  value  of  0.5 
is  taken,  the  error  signal  Is  reduced  by  one  half.  The  minimum  ratio  of  sidelobe  to  main- 
lobe  response  can  be  as  low  as  17  db  under  these  conditions. 


Colinear  Array 

Two  types  of  arrays  have  been  investigated  —  the  colinear  and  the  broadside  dipole 
arrays.  At  first  glance  the  colinear  array  appeared  to  be  nearly  ideal.  The  H -plane  pat¬ 
tern  could  be  made  broad  and  the  elements  placed  a  full  wavelength  apart,  thus  providing 
a  narrow  E -plane  pattern  with  a  minimum  of  elements.  The  full -wave  spacing  results  in 
negligible  mutual  coupling  between  elements  so  that  all  elements  can  be  individually  matched 
before  being  placed  in  the  array.  Since  the  elements  are  polarized  along  the  length  of  the 
array,  the  ground  screen  can  be  made  of  long  wires. 

The  difficulty  with  the  colinear  array  above  the  ground  screen  is  that  the  theoretical 
H -plane  pattern  is  realized  only  for  an  infinite  ground  screen. 

The  reason  that  the  actual  H -plane  pattern  differs  from  the  theoretical  is  that  the 
dipole  has  no  directivity  in  this  plane.  The  reason  the  signal  is  low  along  the  ground  screen 
is  that  the  image  dipole  current  interferes  with  the  current  from  the  real  dipole.  At  low 
angles,  with  a  limited  ground  screen,  it  may  be  impossible  to  see  the  image  when  the  real 
dipole  is  visible.  In  this  case  a  finite  signal  will  appear  along  the  ground  screen. 
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Tne  theoretical  and  actual  patterns  obtained  for  the  dipole  39  inches  above  the  ground 
screen  are  shown  in  Fig.  10.  The  signal  strength  at  the  screen  is  about  9  dh  below  the 
peak  value.  When  the  ground  screen  was  widened  to  an  equivalent  32  feet,  the  resulting 
signal  strength  at  the  screen  was  about  15  db  below  the  peak  value.  When  the  solid  ground 
screen  was  replaced  by  *8  wires  spaced  2  degrees  apart  and  centered  on  the  dipole,  the 
resulting  signal  strength  at  the  screen  again  was  about  10  db  below  the  peak  value  and  the 
depth  of  the  dip  in  the  center  was  increased  to  6  db. 


Fig.  10  -  Theoretical  and  actual  H-plane  pattern#  (or 
dipole  39  inches  above  solid  ground  screen 


From  this  work  it  was  apparent  that  with  the  colinear  array  it  would  be  practically 
impossible  to  have  a  ground  screen  large  enough  to  make  the  ground  effects  negligible. 
For  this  reason  the  broadside  array  was  investigated. 


Broadside  Array 

The  broadside  array  has  the  advantage  that  the  dipole  elements  have  directivity  in 
the  plane  perpendicular  to  the  array,  the  K -plane;  consequently  a  true  null  always  appears 
in  the  plane  of  the  ground  screen,  even  when  the  ground  screen  is  so  ;'>mall  that  ground 
effects  are  present.  Ground  effects  can  be  inferred  if  the  antenna  patterns  change  when 
the  size  of  the  screen  is  increased.  Figure  11  shows  the  patterns  obtained  from  a  1080- 
Mc  model  with  the  equivalent  screen  widths  shown  and  with  the  dipole-to-screen  spacing 
held  at  a  distance  equivalent  to  45  inches.  From  these  patterns  it  is  concluded  that  the 
minimum  ground  screen  width  is  about  15  feet. 

The  patterns  obtained  for  different  radiator-to-screen  spacings  are  shown  in  Fig.  12. 
These  patterns  were  taken  with  a  full-sized  gamma-matched  dipole  above  a  chicken-wire 
screen  16  feet  wide.  From  these  patterns  a  spacing  of  about  44  inches  appears  nearly 
optimum,  giving  a  beamwidth  of  104  degrees. 
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Fig.  11  -  Patterns  of  lOSO'Mc  broadside  array  with  dipoles  4.5  inches 
from  screen,  for  three  equivalent  screen  widths 


For  the  bromdsidc  array  the  maxiinum  element  spacing  Is  about  3  ^  /4.  The  H-plane 
pattern  obtained  from  a  1080-Mc  model  is  shown  in  Fig.  13.  Since  all  the  elements  are 
fed  in  phase  with  equal  currents,  it  would  be  expected  that  the  first  sidelobe  would  be  13 
db  down  from  the  main  lobe.  The  10-db  lobe  on  one  side  can  be  attributed  to  errors  in 
the  phasing  of  the  elements.  At  90  degrees  the  response  of  this  pattern  is  less  than  25  db, 
so  It  can  be  expected  that  a  broadside  array  will  give  a  low  response  in  the  plane  of  the 
ground  fcreen  in  all  directions. 


The  Dipole  Element 

The  dipole  elemer.t  should  be  rigid,  easily  tuned,  and  simple  to  nouinufacture.  After 
sever;:.!  typer  of  matching  devices  had  been  investigated  the  gamma-matched  dipole  was 
selected  for  further  study  because  of  its  inherent  aimplicity  and  rigidity. 

The  simplest  type  of  gamma- matched  dipole  (Figs.  14  and  15)  U  inherently  unbalanced 
and  would  thoreioi^  be  expected  to  have  an  E- plane  squint  as  is  shown  by  the  pattern  of 
Fig.  n  ;  tiie  direction  of  this  squint  is  on  the  same  side  as  the  feed  loop.  Although  unsym- 
metrical,  the  response  at  the  ground  screen  is  at  least  19  db  below  the  maximum  response, 
so  it  is  satisfactory  from  an  interference  standpoint. 

More  important  than  the  squint  would  be  currents  on  the  vertical  support  rod;  however, 
negative  rerv'^p  obtained  on  pattern  measuremeids  run  to  determine  whether  radia¬ 
tion  existed  due  to  support  rod  currents. 

Construction  of  the  dipole  is  quite  simple.  It  consists  of  three  pieces  of  standard  gal¬ 
vanized  pipe  and  a  standard  tee,  modified  as  shown  in  Fig.  14.  The  only  machining  needed, 
apart  from  the  drilling  of  holes,  is  that  required  to  produce  the  flat  on  the  tee;  this  can  be 
done  conveniently  on  a  lathe  or  a  mill,  but  can  also  be  done  with  a  file.  The  capacitor  is 
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Fig.  12  >  P«ttcrns  of  broadside  array  for  four  radiator 'tO'Screen  spactnga. 
taken  with  full<sised  gamma -matched  dipole  16-ft  wide  scrren 


soldered  to  the  jack  terminal  before  the  eaternal  tebe  is  soldered  to  the  csble  jack.  Either 
a  tube  of  insulation  or  several  turns  of  insulator  tape  can  be  placed  around  the  capacitor 
to  prevent  its  shorting  to  ground.  V  it  is  deemed  necessary  the  mtire  metal  tube  can  be 
filled  with  silicone  grease.  The  lucite  block  insulator  effectively  centers  the  brass  tubing. 
The  top  of  the  capacitor  is  sealed  by  means  of  the  pipe  cap  threaded  to  the  capacitor  base 
and  the  pipe  cap  at  the  top  of  the  nipple.  The  parts  for  this  dipole  element  should  cost  less 
than  $7.00. 

Probably  the  most  rigid  and  simple  mmins  of  supporting  the  dipole  is  by  embedding  it 
in  a  concrete  pier  as  shoam  in  Fig.  16.  To  permit  thrimdlng  the  coaxial  cable  through  the 
vertical  tubing,  an  opening  to  the  outside  of  the  pier  must  be  provided.  This  opening  can 
be  made  in  a  number  of  ways.  A  greased  block  which  can  be  removed  when  the  concrete 
has  set  is  one  means.  Another  is  s  curved  or  angled  tube  which  extends  to  or  through  the 
form  board'^.  These  form  boards  should  be  extended  as  shown  In  Fig.  16  to  hold  the  rsdi- 
ating  element.  In  this  manner  all  the  radiating  ele^ments  can  be  made  level  and  parallel. 

In  addition  the  dipoles  of  the  two  antenna.s  cn  a  single  baseline  should  lie  in  as  straigM  a 
line  as  possible. 

After  the  form  boards  are  removed  the  ground  screen  can  be  built  as  shown  in  Fig.  17. 
The  ground  screen  must  fulfill  one  principal  requirement—  it  must  be  sufficiently  large  to 
isolate  the  antenna  from  the  conditions  of  the  surrounding  terrain. 

Pattern  measurements  have  indicated  that  the  minimum  screen  width  required  is 
abiut  15  feet.  A  width  of  16  feet  has  been  selected  because  it  is  the  neare.st  larger  length 
that  is  a  standard  lumber  sire.  The  screen  can  be  laid  either  parallel  to  the  dipoles  or 
perpendicular  to  them.  If  placed  perpendicular  to  the  radiators,  the  separate  pieces  of 
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Fig.  13  -  H-pUne  p«ttern  of  lOSO-Mc  bro*daidc  array 
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Construction  of  simple  gamma -matched  dipole 
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Fig.  1$  -  The  completed  dipole 


Fig.  16  -  Temporary  supports  for  embedding 
dipoles  in  concrete 
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GROUND  SCREEN  TO  K  COVERED  W  th  CHtCKEN  WIRE 
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Fig  17  -  Ground  screen 


nettinf  should  be  bonded  by  twisting  and  soldering  or  wiring  together  and  soldering  every 
few  Inches.  To  eliminate  the  soldering  problem  the  radiators  can  be  placed  a  standard 
wire  width  apart  so  that  the  screening  can  easily  be  placed  parallel  tc  the  dipoles.  Such 
a  configuration  can  be  built  conveniently  by  placing  the  dipoles  an  even  6  feet  apart.  The 
screen  should  be  supported  and  stretched  so  that  the  sag  is  less  than  1/2  inch.  The  effect 
on  the  antenna  pattern  of  decreasing  the  dipole  spacing  from  3  /i  to  6  feet  will  be  a  slight 
increase  in  beamwidth  and  a  somewhat  greater  coupling  between  elements. 

Before  the  screen  is  built  the  transmission  lines  to  all  radiators  should  be  Installed. 
There  are  several  ways  in  which  the  feed  structure  can  be  built.  One  is  the  common 
‘corporate  structure*  in  which  lines  to  two  elements  ^re  joined  and  matched  impedance- 
wise,  then  a  line  from  a  similar  junction  is  joined  to  a  line  from  the  first  junction  and  so 
on  until  all  elements  are  fed  from  a  single  source.  A  method  that  appears  simpler  is  pro¬ 
posed  for  this  antenna.  In  this  method,  feed  lines  to  all  elements  originate  at  a  single 
junction  box.  For  such  a  system  all  lines  may  differ  in  electrical  length  only  by  exact 
multiples  of  full  wavelengths.  If  the  total  line  lengths  from  the  junction  to  the  antenna 
feed  points  are  made  an  odd  number  of  quarter -wavelengths,  then  all  the  antenna  currents 
will  ^  equal,  irrespective  of  mutual  coupling  effects. 

The  transmission  line  used  to  join  the  radiators  to  the  junction  box  can  be  RG-8/U, 
RG-ft/U  or  metal  covered  solid  dielectric  line.  The  aluminum  covered  line  is  preferable 
for  this  use  but  RG-8/U  is  probably  adeqiiate. 


Xw^ction  Box 

The  construction  of  a  junction  box  for  an  eight -element  array  is  shown  in  Fig.  18.  For 
arrays  with  more  elements,  more  feed  points  must  be  provided  and  the  impedance  of  the 
^larter-wave  matching  transformer  must  be  reduced. 
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Antenna  Matching 

To  match  the  elements,  because  of  their  mutual  coupling,  all  except  the  element  to  be 
matched  should  be  connected  to  the  junction  box  and  each  element  adjusted  individually.  A 
convenient  bridge  for  tiitding  the  best  impedance  match  is  shown  in  Fig.  19.  Details  on 
making  the  hybrid  will  be  described  later.  By  means  of  the  hybrid  bridge  the  antenna  capac¬ 
ity  is  adjusted  until  a  null  reading  is  obtained  on  the  detector.  However,  the  standing-wave 
ratio  should  be  read  using  a  standing-wave  indicator,  if  one  is  available. 


[mtenna  ' 
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Fig  19  -  Hybrid  circuit  for 
minimizing  \S>VR 


After  all  the  dipoles  have  been  matched  they  are  connected  to  the  junction  and  the 
impedance  into  the  junction  is  measured.  The  VSWR  at  this  point  should  be  less  than  1.1 
if  the  calibration  is  hy  surveying  alone.  To  achieve  this  VSWR  it  may  be  necessary  to 
make  snuil  changes  in  the  Impedance  of  the  matching  transformer. 


Transmission  Line  and  Hybrid 

The  transmission  line  joining  the  antennas  to  the  hybrid  junction  must  be  free  of 
noticeable  phase  variation  due  to  weather  and  must  have  low  attenuation  and  negligible 
radiation.  Since  long  lengths  of  it  are  required,  its  cost  should  be  nominal.  The  open 
wire  line  shown  in  Fig.  20  appears  to  fulfill  these  requirements  adequately.  This  line  is 
made  of  two  #8  arires.  For  extra  strength,  machine -Mraightened  copper -covered  steel 
wire  was  chosen.  This  wire  costs  about  two  cents  per  foot.  The  unMraightened  erire  costs 
about  10%  less  but  requires  considerable  stretching  to  eliminate  kinks;  the  stretching  pro¬ 
cess  is  troublwMme  and  (kngerous. 

The  selection  of  the  impedance  of  the  line  involves  a  compromise.  A  low-impedancc 
line  will  give  less  line  pickup  but  will  also  have  a  higher  attenuation.  The  impedance  of  a 
high-impecMnce  line  will  be  less  affected  by  motion  due  to  wind.  With  #1  arires  a  line 
spacing  of  1.8  inches  gives  an  impedance  of  400  ohms.  The  pickup  on  this  line  is  inde¬ 
pendent  of  line  length  and  was  measured  as  18  db  below  that  from  a  dipole.  Since  the 
antenna  gain  is  perhaps  14  dS)  above  that  of  a  dipole,  the  satellite  signal  picked  up  by  the 
line  is  negligiUe  (-40  <tt>)  compared  to  the  signal. 

Although  balanced  transmission  lines  with  balanced-line  hybrids  have  been  built  for 
phase -comparison  purposes,  it  is  preferable  to  build  the  hybrid  from  coaxial  line.  The 
transmission  line  is  matched  to  50  ohms  at  both  ends.  A  quarter -wave  matching  section 
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Fig.  ^0  -  Op«n  wire  tranAmissioii  line 


niAdc  up  of  two  5/ie-lnch  quArt«r>vAv«  cappod  tubM  sUppwd  ov«r  tiM  wlr«  m  ia 

Flff.  10  matches  the  Itns  to  80  ohwM.  The  l-typs  halaa  irtiova  la  fig.  tl  awtrhst  ^  100 
ohms  balanced  Impedance  to  SO  ohsM  uidMilanced.  For  keel  weatherpreetlat,  Hw  halMi 
should  be  supported  so  that  tts  loop  extends  above  the  traasmlsedea  Ui«. 

The  copper -covered  steel  wire  will  support  ttseif  Im*  id  least  800  feetx  C  a  lOOO^^isst 
baseline  Is  used,  the  two  lencths  of  Uae  should  be  amde  ed«al  before  faatilhdtea.  the 
spacinc  of  the  wires  can  be  kept  uidform  bjr  eaiag  spaces  ballt  m  ahowa  hi  fig.  It.  ipbcers 
placed  every  80  Inches  or  so  appear  to  kesp  the  llae  spaelag  satilfoelorVkr  aallsewix 

R  appears  advantageous  to  terminate  the  traaendsefoa  ttasi.  at  liui  tmm&t  of  Ube  baae- 
line  and  to  transform  to  unbalanced  liae  b^ore  ad^Lag  the  ii^is  hi  Oie  bfbfodu  A  foriM* 
nation  pole  at  the  center  will  la  addition  permR  the  aae  Of  sewetal  hM^hbOS  att  wMi  bbi 
same  center. 
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Fig  <22  -  Transmission  line  spacers 


The  Hybrid 


A  hybrid  that  has  proved  to  be  aatlafactory  la  ahown  in  Fig.  23.  The  ring  i*  made  of 
70-ohm  cable  (preferably  dodele -shielded)  and  the  antennas  are  connected  to  A  and  C. 
Then  B  has  a  null  output  when  the  signals  at  the  antennas  are  out  of  phase,  and  D  has  a 
null  output  when  they  are  in  phase.  The  measured  isolation  between  arms  B  and  D  with 
matched  loads  on  A  sad  C  is  shown  In  Fig.  24  as  a  function  of  frequency . 


Fig.  21  >  ttfikrte 
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Fig  14  .  M«aturt4  Isolation  between  arms  B  and  D  of  hybrid 
(Fig.  2))  with  matched  toads  on  arms  A  and  C 


Tti€  PrMQMHtlltr  Convtrttr  Unit 

tiM  tntdHtrdfic*  of  tbt  wiirM  from  Um  ttvo  nMloiuiM  twA  now  boon  accoBiM>lish«<l  ta 
til*  tqrtnrki  ptnclloet.  Titt  o«it|MUi  from  tint  (irbrid  wmA  be  nmimfied  in  low-notse  Mnpiifier 
nynttiM.  Tbe  prednfiitlier  U  tbe  secret  of  Ibr  low>nol*e  syitem.  After  sufflcieitt  km- 
noise  ss^tftcstkMi,  tbe  sifMil  can  be  coirrerted  to  »  fretjeency  sulUUe  for  smpllf  lest  ton 
tn  s  cowaraAtosttoAS  receiver. 

II  now  sFitears  tbM  sev«rsi  eeetverter  sMumtectwers  will  nutrket  in'cen^illfters  for 
tMs  jMrpoee.  let  since  none  of  these  were  svsilsMe  si  NltL,  s  tfencriplton  wrill  be  given 
of  a  {.wensibtifier  devetofnid  at  tbe  Laboratory  for  tfe  Prime  Mlnltrack  system.  It  is  very 
simliar  to  tbe  fwesmplttfer  tieeeribed  in  tbe  December  IIM  tsmte  of  QtT. 

Tbe  ecbemalic  of  tlte  pteanK^lifier  is  sbown  in  Pig.  II.  Tbe  input  circtot  is  deskrned 
to  matcb  a  iOHObai  transwisakm  line.  This  mnteb  is  4MiraMe  to  asmu-e  matcMng  of  tbe 
bybrto  termlnsts  and  thereby  obtala  mi  id  mum  ieotadton  between  crons  terminsls  of  tbe 
bybrM.  Tbe  use  of  an  Issfmftnce^madcbed  inpel  Increeaes  Uie  receiver  noise  f%ure 
referred  to  K  from  tbsn  2  db  to  eometblni  mwtor  4  <fb. 

Tbe  tow^^aolate  smpilflcntton  is  obtslned  by  mewis  of  two  grrijnded-IP'id  amiiltfiers. 
TMs  tifciM  tmrfifiridton  gtvee  s  goob  noise  flgnre  snd  treedom  from  Motrslisstion 
letpdreiMMta  becaese  ef  its  ibberewt  staMlMy. 

following  tbese  two  stages,  tbe  signsl  is  converted  tn  tbe  bslsnced  mixer  shown,  for 
tbe  Prime  IttbRmcIt  system  tbe  bnlMncedl  miser  is  a  necewsity  bM  for  tbe  Mark  tl  system 
it  Is  only  a  convenience  owing  to  Ha  tow  tnsw  tiow  tossee,  sbpat  to  tocsl ^oscillator 
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Fif.  i!5  -  Preamplifier  developed  at  Naval  Research  Laboratory 


iPoUtion  Md  locftl -oscillator  nois*  canctllation.  If  a  single  local  oscillator  is  used  for 
both  preamplifiers,  isolation  of  the  signal  oscillator  from  the  local  oscillator  is  desirable 
bo  prevent  InteractkM  betsreen  the  teo  signal  channels. 


Local  OeclUabor 

The  local  oscillator  (Fig.  M)  consists  of  a  fifth -overtone  crystal  oscillator,  a  buffer 
ampUfisr,  a  hybrid  power  divider,  and  attenuators.  Mhich  of  the  circuitry  is  needed  to  per  - 
Bstt  the  use  oi  a  sin^  local  oscillator  for  two  or  more  well  isolated  recelvera.  The  hybrid 
gives  a  cross-arm  isolation  ot  about  X  db  and  the  attenuators  contribute  10  db  of  attmnm- 
tion  such,  giving  a  total  isolation  of  90  db.  The  balanced  mixer  gl't>M  an  additional  isolation 
of  about  19  db.  The  buffer  amplifier  is  needed  primarily  to  provide  sufftcient  power  (approai  - 
mately  1  milliwatt)  to  each  aasplifier  despite  losses  in  the  hybrid  And  attenuators. 

The  crystal  operates  in  the  series  anode  at  the  fifth  overtone.  The  mmet  fifth -overtone 
froquoncy  was  chosen  to  beat  with  109  Me  and  produce  11.205  Me  for  the  Prime  Mlnltrack 
laterms(Hate  frequency.  If  the  communications  receiver  used  will  tune  to  11.299  Me,  this 
frequency  can  be  used.  If  not,  a  cr/stal  operation  at  a  different  frequency  should  be  selected. 
In  any  case  the  coil  L14  should  be  chosen  to  resonate  with  the  crystal  holder  capacitance. 

The  amplifier  is  conventionril.  The  hybrid  for  poarer  division  can  be  built  out  of  lumped 
components  or  of  transmission  lines  as  shown  in  Pig.  29.  The  converter  and  local  oscilla¬ 
tor  can  be  placed  at  the  center  of  the  transmission  line  with  the  intermediate  frequency 
transmitted  to  the  receiver  by  transmission  line,  or  the  signals  can  be  transmit!^  to  the 
converters  and  receiver  by  low-loss  transmission  lines. 
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Fig.  26  -  Local  osciUator 


The  Receiver 

The  receiver  needs  only  to  be  tuned  to  receive  the  11.295>Mc  frequency,  and  a  suitable 
pre-detection  bandwidth  perhaps  as  narrow  as  1  Kc  can  be  used.  The  post-detection  band¬ 
width,  to  maximize  the  slgnal-to-nois^j  ratio,  should  be  as  narrow  as  is  practical.  To  min¬ 
imize  phase  shift,  however,  It  should  be  about  ten  times  the  expected  post -detection  signal 
frequency.  The  maximum  expected  frequency  for  a  1000 -foot  baseline  Is  about  3  cycles 
per  second,  so  a  maximum  post-detection  bandwidth  of  about  30  cps  Is  Inilcated.  Narrower 
bandwldths  may  be  used  for  more  distant  satellite  transits.  For  radio-star  tracking,  the 
pre-detection  tandwldth  should  be  as  wide  as  possible  and  the  post -detection  bandwidth  very 
narrow.  Using  ten  times  the  detected  signal  frequency  as  the  criterion  for  radio  stars,  this 
post -detection  bandwidth  can  be  0.1  cps. 


The  Recorder 

The  recorder  can  be  any  of  several  types.  The  most  desirable  type  Is  one  of  the 
direct-writing  models  with  a  frequency  response  up  to  90  cps  or  so.  Oalvanometer-type 
photographic  recorders  may  also  be  used,  but  they  are  not  so  convenient  and  the  higher 
frequency  response  Is  unnecessary.  The  paper  speed  used  on  any  of  these  recorders 
should  be  at  least  3  inches  per  second.  Preferably  three  channels  should  be  available: 
two  would  be  used  for  outputs  from  two  receivers  and  one  would  be  w;ed  for  the  time 
standard.  The  time  standard  can  be  the  rectified  1000-cps  WWV  cote  In  case  the  satel¬ 
lite  passes  during  the  4-minute  WWV  silent  period  tho  paper  should  b  run  until  WWV 
reappears.  Then,  assuming  linear  paper  speed  the  time  of  nulls  can  ta  approximated. 
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Another  type  of  recorder  that  may  be  used  is  a  low-noise  tape  recorder.  Suitable 
circuits  are  shown  in  Fig.  27.  For  this  type  of  recording  the  receiver  outputs  are  detected 
and  filtered  in  a  low-pass  filter  with  a  fairly  high-frequency  cutoff  (about  100  cps)  so  that 
its  phase  shift  will  be  negligible  when  compared  to  the  phase  shift  of  the  final  post -detection 
filter.  After  this  filter  the  null  outputs  are  modulated  ^  the  different  frequencies  from  the 
audio  signal  generator  to  give  a  signal  suitable  for  tape  recording. 

«e SONANT 


Fig.  n  -  Circuits  for  u»e  with  low-noise  t*p«  recorder 


The  WWV  second  tick  consists  of  five  cycles  of  the  1000 -cps  signal.  This  signal  can  be 
filtered  out  by  means  of  the  filter  shown,  mixed  with  the  signals  containing  the  null  Informa¬ 
tion,  and  then  recorded.  The  single  tape  now  containa  time  information  at  1000  cpe  and  one 
null  channel  modulated  by  2.5  Kc  and  another  modulated  by  9.10  Kc. 

The  tape  recorder  output  can  be  put  on  a  written  record  when  convenient.  A  poaaible 
circuit  ia  shown  in  Fig.  21.  The  WWV  signal  la  taksn  off  by  means  of  the  1-Kc  filter;  the 
null  information  is  taken  off  by  means  of  the  2.5  Kc  (or  6.18  Kc)  filter,  detected  and  inte¬ 
grated  by  means  of  an  appropriate  low-pasa  filter. 

Figuree  19, 10,  and  31  show  recordings  taken  from  tape  for  various  signal  level;*. 

For  these  recordings  the  second  pulses  were  sdded  to  the  upper  signal. 

The  Naval  Research  Laboratory  will  have  the  necessary  equipment  for  making  paper 
copies  of  the  data  taken  if  the  tape  recordings  are  sent  to  the  Vanguard  Control  Center  at 
the  Laboratory. 


CALIBRATION  OF  THE  MARK  U  MINITRACK 

The  purpose  of  cslibrating  the  Minitrack  systems  is  to  determine  the  orientation  of 
the  equal  phase  pla.ie  of  each  baseline  with  respect  to  the  local  coordinates.  The  direction 
of  the  equal  phase  plane  will  depend  on  the  orientation  of  the  ground  antennas.  The  tilt  of 
the  plane  will  be  a  function  of  the  lengths  of  the  transmission  lines  from  the  antennas  to 
the  hybrid. 


26 


NAVAL  liSIAICH  LAIOIATOIY 


WbONANT  AT 

•'■“C  <3‘X) 

r-'JWTiP - - 

0  5m  0  0021 


UTC 
MQA  iO 


RESONANT  AT 


:550 


lOOK 
“• — WiA/' — ^ 

r..4' 


2Tt( 


470t< 

-■.AAW- 


-O  TO  SANMMN 
RCQOnOCK 


f*70« 


ttfSONAM  AT 
2  5KC  0"'2 

05m 

-  »C  ' 

VKjA  O 


•OOK 


27*  ^0. 

1  A. 


4ro« 

|o04» 


>rO  SAMtONM 

iiecoiK>eii 


2  TO* 


i 


Fig  21  •  Circuit  ior  obtainiag  written  record  from  tnpe 


Fig.  29  •  Recording  taken  trum  tape  for  *120  dbm  level 
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To  asAure  that  the  eyatein  will  ba  capable  ui  giving  data  accurately  ta  30  seconds  of 
arc,  the  position  of  the  antennas  should  be  Uvei  to  this  accuracy.  !'ur  a  i000>foot  base¬ 
line  the  antennas  should  be  level  to  3/4  inch  or,  if  the  antennas  cannot  be  level,  the  angle 
of  tilt  should  be  known  to  better  tiun  20  seconds  uf  arc.  The  dipoles  sitiould  be  in  line 
azimuth-wise. 

Once  the  baseline  is  set  up  the  system  should  be  checked  bj  an  independent  method  of 
calibration.  Such  a  method  Involves  the  passage  of  a  transmitt^  signal  on  kno'vm  coordi¬ 
nates  over  the  antenna  field. 

A  calibration  transmitter  could  be  carried  by  an  aircraft,  the  position  of  which  could 
be  measured  by  an  optical  instrument  on  the  ground.  A  systsm  to  do  this  has  been  designed 
for  the  Prime  Minitrack  system  but  is  too  complicated  for  Mark  II  use. 

Another  source  of  radiation  from  known  points  is  radio  stars,  including  the  sun.  Apart 
from  the  sun,  only  two  of  the  stars,  Cassiopeia  A  and  Cygnus  A  are  of  sufficient  intensity 
to  permit  detection  on  the  system  with  pre-detection  bendwidths  of  5  Kc  or  so.  A  descrip¬ 
tion  of  use  of  these  sources  has  appeared  in  the  April  1957  issue  of  Q3T.  The  intensity  of 
108-Mc  radiation  from  the  sun  varies  greatly  from  day  to  day  and  the  center  of  radiation 
varies  about  the  face  of  the  sun;  thus  it  is  felt  that  the  sun  is  not  a  good  calibration  source. 
There  remains  one  natural  object  that  esm  appear  as  a  transmitter  -  the  moon.  The  signal 
appears  as  a  reflection  from  a  powerful  transmitter  system  on  the  earth. 

As  a  calibration  source  the  moon  has  a  number  of  desirable  fnaturec.  The  moon 
always  presents  nearly  the  same  attitude  toward  the  surface  of  the  earth,  so  changes  in 
the  effective  center  of  reflection  will  be  small.  The  decHnation  of  the  moon  \'aries  over 
about  40  degrees  in  two  weeks,  so  the  moon  can  be  used  to  c.xlibr^te  a  large  part  of  the 
ground  antenna  pattern  in  that  length  of  time.  It  cen  also  calilrate  ihe  receiving  system 
in  sensitivity  and  frequency  of  operation.  The  disadvantages  of  the  moon  as  a  source  are 
the  doubt  ab.  to  its  reflection  center  and  the  large  amoust  of  power  needod  to  make  it  appear 
as  an  effective  calibration  signal. 

The  work  that  has  been  done  using  the  moon  has  been  a  joint  MBL>  UBASLTb  (U.  S.  Army 
Signal  Engineering  Laboratories)  operation.  The  Diana  radar  at  Fort  Monmouth,  operating 
at  151.11  Me,  was  used  as  the  transmitting  source.  Antennas  were  matched  for  the  correct 
frequency,  and  on  May  15,  1957  tests  were  begun. 

For  most  of  these  tests  the  transmitting  and  receiving  antennas  were  cro.es-polaiized; 
thus  for  maximum  return  the  transmitted  signal  had  to  be  rotated  by  an  odd  muHiple  of  90 
degrees.  The  signal  strei^gth  varied  greatly  from  night  to  night  and  within  a  single  nighi. 

On  most  runs  there  were  euough  high-amplitude  ref^ponses  to  permit  drawing  a  lii^e  throu,:h 
regions  of  maximum  response  thereby  obtaining  s  null  reading.  In  view  of  tiiis  sig.>al- 
strength  change  with  time,  the  USASIL  has  started  developing  a  circularly  polarlzevi  trans¬ 
mitting  antenna  for  this  purpose. 

Since  this  system  shows  great  promise  zs  a  calibration  scheme  for  all  Minitrack 
stations  over  half  of  the  earth’s  surface,  a  joint  NHL-USASEL  project  is  being  initiated 
to  furnish  a  calibration  signal  at  108  Me.  On  a  crash  oasis  it  is  hoped  that  a  suitable 
antenna  and  transmitter  will  be  available  daring  November  1J57.  In  view  of  this,  a  suit' 
able  target  date  for  operation  of  amateur  stations  would  be  late  fall  of  1057.  The  sch^ul« 
of  Diana  operation  will  be  announced  through  amateur  channels. 

The  signal  obtained  from  such  a  reflection  will  be  weak,  in  the  order  of  130  dbm,  with 
an  antenna  gain  of  50,  eo  it  is  Important  that  the  maximum  possible  ground  antenna  gain  be 
utilized.  The  signal  will  be  so  weak  that  any  system  capable  of  receiving  this  signal  reflec¬ 
ted  fiom  the  muon  should  have  no  difficulty  in  re»*elv1na  a  transmitted  from  the  arti¬ 

ficial  earth  satellite. 
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It  Is  felt  that  groups  so  located  as  to  bf  unable  to  use  the  moon  reflection  system  will 
probably  be  widely  spaced,  so  that  system  accuracy  of  1  minute  of  arc  will  give  valuable 
data.  The  radio  stars  are  easily  usable  to  this  accuracy. 

Moon  r2flectlonE  can  be  used  for  stations  within  90  degrees  of  Belmar,  New  Jersey. 
This  includes  the  Western  Hemisphere,  parts  of  Africa  and  Europe,  and  some  Pacific 
Islands.  For  these  stations  calibration  accuracies  to  about  20  seconds  of  arc  should  be 
possible. 
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